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SUMMARY 

A wind  tunnel  investigation,  sponsored  by  the  NASA  Ames  Research  Center, 
was  conducted  to  determine  the  jet  induced  effects  of  several  exhaust  nozzle  con- 
figurations (axisymmetric,  non-axisymmetric,  and  vectoring /modulating  variants)  on 
the  aeropropulsive  performance  of  a twin-engine  V/STOL  fighter  design.  A 1/8  scale 
model  was  tested  in  the  NASA  Ames  11  ft  transonic  tunnel  at  static  conditions  and 
over  a range  of  Mach  numbers  from  0.4  to  1.4.  Angle  of  attack  was  varied  from  0^  up 
to  a maximum  of  13<^  and  exhaust  flow  simulation  was  obtained  by  employing  com- 
pressed air  and  varying  the  nozzle  pressure  ratio  from  jet  off  up  to  a maximum  of 
ten. 

This  report  is  the  first  of  a series  of  three  reports  covering  this  comprehensive 
wind  tunnel  investigation  of  approximately  2,000  test  points.  It  makes  available  all 
the  model  data  and  test  data  (static  and  wind-on)  for  the  technical  community.  The 
second  report,  (Part  II:  Analysis  of  Results)  will  thoroughly  analyze  and  interpret 
the  test  results  reported  herein.  The  third  report,  (Part  III;  Experimental  Tech- 
nique), will  discuss  the  experimental  aspects  (e.g.:  test  technique,  test  problems 
and  solutions,  etc.)  of  the  wind  tunnel  program. 

This  investigation  has  contributed  to  the  aeropropulsion  V/STOL  data  base. 

The  data  presented  herein  show  that  significant  differences  in  aeropropulsion 
performance  can  be  expected  by  varying  the  exhaust  nozzle  type  and  its  geometric 
parameters  on  a V/STOL  underwing  nacelle  installation. 
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APPENDIX: 

A.  STATIC  THRUST  COEFFICIENT  DATA 
A-1  Circular  Nozzle 

(a)  Axial  Force  Coeff. 

(b)  Normal  Force  Coeff. 

(c)  Pitching  Moment  Coeff. 

(d)  Static  Vector  Angle 

A-2  ALBEN 

(a)  Axial  Force  Coeff. 

(b)  Normal  Force  Coeff. 
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(c)  Pitching  Moment  Coeff. 

(d)  Static  Vector  Angle 

A-3  ADEN  CR  0° 

(a)  Axial  Force  Coeff. 

(b)  Normal  Force  Coeff. 

(c)  Pitching  Moment  Coeff. 

(d)  Static  Vector  Angle 
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(a)  Axial  Force  Coeff. 
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(c)  Pitching  Moment  Coeff. 

(d)  Static  Vector  Angle 

A-7  ADEN  DASH 

(a)  Axial  Force  Coeff. 

(b)  Normal  Force  Coeff. 

(c)  .'itching  Moment  Coeff. 

(d)  Static  Vector  Angle 

A-8  ADEN  COM  0° 

(a)  Axial  Force  Coeff. 

(b)  Normal  Force  Coeff. 
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(c)  Pitching  Moment  Coeff. 

(d)  Static  Vector  Angle 
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(a)  Axial  Force  Coeff. 
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(d)  Static  Vector  Angle 
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B.  CIRCULAR  NOZZLE  WIND-ON  DATA 

B-1  (a)  Circular  Nozzle,  M=0.6,  T/R  Lift  Coeff.  vs.  a 

(b)  Circular  Nozzle,  M=0.6,  T/R  Lift  Coeff.  vs.  NPR 

(c)  Circular  Nozzle,  M=0.6,  T/R  Drag  Coeff.  vs.  NPR 

(d)  Circular  Nozzle,  M=0.6,  T/R  Pitching  Moment  Coeff.  vs.  Lift  Coeff. 
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(f)  Circular  Nozzle,  M=0.6,  Powered  Drag  Polar 
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(e)  Circular  Nozzle,  M=0.9,  T/R  Drag  Polar 

(f)  Circular  Nozzle,  M=0.9,  Powered  Drag  Polar 
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INTRODUCTION 


1. 

r. 

i; 

r: 

To  contribute  to  the  developing  VSTOL  air  vehicle/non*-axisyminetric  nozzle 
I data  base , the  NASA  Ames  Research  Center  has  sponsored  the  subject  program.  A 

realistic  tnultimission  twin-engine  V/STOL  fighter  scale  model  was  tested  (June  1979) 
I in  the  Ames  11  ft  Transonic  Wind  Tunnel  to  investigate  non-axisymmetric  nozzle 

^ installed  performance  and  inflight  vectoring  performance. 

This  scale  model  was  previously  tested  in  two  other  research  programs  (ref.  1, 

2)  but  hardware  failures  either  prevented  acquisition  of  complete  aircraft  force  data 
or  severely  limited  the  test  configuration  matrix  from  which  worthwhile  data  could 
be  salvaged.  In  the  subject  program,  it  was  possible  to  obtain  complete  aircraft 
force  data  on  all  nozzle  configurations  over  a wide  range  of  test  conditions . 

Both  force  data  and  extensive  lifting-surface  pressure  data  were  obtained  in 
this  program.  The  purpose  of  this  report  is  to  present  all  the  complete  aircraft 
force  data  in  a graphical  format  so  that  it  is  readily  useful  to  any  user.  Because  of 
the  large  volume  of  data  in  this  program.  Appendices  have  been  employed  to  organize 
the  graphs  according  to  nozzle  configuration.  The  pressure  data,  tabulated  in 
coefficient  form,  can  be  obtained  from  the  Ames  11  ft  Tunnel  Facility 


I 

I 

, \ 


EXPERIMENTAL  APPARATUS 


TEST  FACILITY 

This  test  program  was  conducted  in  the  NASA  Ames  Research  Center  11  ft 
Transonic  Wind  Tunnel.  This  is  a closed  circuit,  variable-pressure,  continuous- 
flow  wind  tunnel  normally  operated  from  Mach  0.4  up  to  Mach  1.4.  Stagnation 
pressure  can  be  varied  over  a wide  range.  The  test  section  is  11  X 11  ft  in  cross- 
section  , and  slotted  walls  provide  for  continuous  operation  throughout  the  complete 
Mach  range.  A facility  description  is  contained  in  ref.  3. 

SCALE  MODEL 

The  model  was  a l/8th  scale  representation  of  a twin-engine,  thrust-vectoring, 
VSTOL  fighter  designed  for  Navy  application.  The  configuration  is  designated  623- 
2004B,  and  a three-view  sketch  with  overall  dimensions  is  shown  in  Fig.  1.  A 
photograph  of  the  model  installed  in  the  Ames  11  ft  tunnel  test  section  is  shown  in 
Fig.  2.  Note  the  bifurcated  twin-boom  system  that  supports  the  model  through  the 
non-metric  vertical  tails.  This  support  system  houses  the  high  pressure  air  supply 
and  all  instrumentation  lines. 

The  inlet  nose  simulated  the  aircraft  inlet  shape  and  attached  to  the  forward 
end  of  the  nacelle.  This  model  did  not  employ  the  familiar  bullet  nose  inlet  fairings 
(except  for  one  configuration);  instead,  it  featured  a flat  plate  dam  arrangement 
recessed  from  the  inlet  leading  edge  surfaces.  This  design  has  been  observed  to 
more  closely  resemble  the  real  inlet  flow  field  of  aerodynamic  flow-through  models 
than  the  "zero-spillage"  bullet  fairing  (ref.  4).  The  inlet  lip  simulated  the  aircraft 
inlet  lower  lip  contour. 

Figure  3 provides  an  overview  of  the  model  support  and  air  supply  systems.  As 
schematically  illustrated,  the  model  is  supported  by  a bifurcated,  twin-boom  system 
which  attaches  to  the  vertical  tail  assemblies.  Air  supply  for  powering  the  model  is 
delivered  through  the  model  support  system.  A representation  of  the  flow-path 
through  the  model  is  illustrated  in  the  figure. 
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The  model  force  balance  arrangement  is  illustrated  in  Fig.  4.  With  the  except 
tion  of  the  vertical  tails , the  entire  model  was  fully  metric  to  a six-component 
flow-through  aircraft  main  balance.  This  balance  measured  total  aircraft  forces  and 
moments.  The  main  balance  metric  break  was  located  at  the  base  of  the  vertical 
tails.  This  main  balance  was  installed  near  the  aircraft  c.g.  station.  A flexible 
metal  bellows  arrangement  was  employed  as  the  method  for  the  airflow  to  bridge  the 
metric  break.  This  balance  was  instrumented  to  provide  measuring  capability  for 
the  three  primary  components  of  normal  force,  axial  force,  and  pitching  moment. 

The  design  limits  of  these  components  are  ±5,000  lb,  ±800  lb,  and  ±25,000  in. -lb, 
respectively. 

In  addition,  a second  six-component  flow-through  balance  was  employed  to 
measure  the  forces  and  moments  on  the  metric  section  of  the  left-hand  nozzle.  This 
balance  attached  to  the  main  balance  in  a "piggy-back"  arrangement.  This  nozzle 
force  balance  was  installed  in  the  left  nacelle  and  was  similar  to  the  complete 
aircraft  force  balance  in  design . It  was  instrumented  to  provide  ±200  lb  of  normal 
force,  ±400  lb  of  axial  force  and  ±1500  in.  lb  of  pitching  moment. 

The  primary  reason  for  employing  the  additional  complexity  of  the  nozzle 
balance  was  to  accurately  measure  static  thrust  force  components  (especially  in  the 
normal  direction)  which  are  necessary  in  order  to  obtain  the  static  vector  angle. 
Because  the  sphere  of  influence  of  nozzle  variants  and  jet  effects  is  not  restricted 
to  the  nozzle  balance  metric  system  alone,  the  main  balance  is  used  for  all  drag/lift 
comparisons  to  ensure  the  accounting  of  all  jet -induced  phenomena. 

Approximately  150  external  surface  pressure  orifices  were  distributed  over 
both  upper  and  lower  body  and  wing  surfaces  at  six  spanwise  locations.  Most 
orifices  were  intentionally  located  on  the  same  side  of  the  model  so  that  effects  of 
asymmetry  would  be  avoided. 

DESCRIPTION  OF  NOZZLE  TYPES 

Augmented  Deflector  Exhaust  Nozzle  - The  Augmented  Deflector  Exhaust  Nozzle 
(ADEN)  V/STOL  exhaust  system  (Fig.  5)  is  a variable  area,  internal/external 
expansion  type,  non-axisymmetric  nozzle  with  throat  area  controlled  by  a variable 
geometry  convergent -divergent  upper  flap  assembly.  The  variable  position  ventral 
flap  located  downstream  of  the  throat  varies  the  nozzle  internal  expansion  area  ratio 


as  required  over  a range  of  operating  pressure  ratios.  The  throat  itself  is  located 
forward  of  the  ventral  flap  hinge  plane  so  that  the  nozzle  throat  area  is  not  affected 
by  the  ventral  flap  position. 

The  arrangement  of  the  ADEN  nozzle  flaps,  deflector,  expansion  ramp,  actua- 
tors, and  structural  elements  have  been  carefully  chosen  to  allow  smooth  afterbody 
contours.  The  non-axisymmetric  nozzle  shape  blends  well  with  supersonic  airframe 
lines,  minimizing  drag-producing  base  regions:  the  cruise  throat  aspect  ratio,  (4  x 
1),  permits  the  ADEN  to  be  installed  without  increasing  frontal  projected  area. 

For  V/STOL  operation,  a rotating  deflector  mounted  outside  the  nozzle  casing 
diverts  the  jet  downward.  The  nozzle  upper  flap  assembly  is  actuated  to  the  maxi- 
mum open  position  during  V/STOL  operation  to  substantially  reduce  the  flow  Mach 
number  approaching  the  turn.  The  ventral  flap  travel  is  scheduled  so  that  the 
throat  is  established  between  the  tip  of  the  ventral  flap  and  the  deflector  and  ro- 
tates with  the  deflector  so  that  flow  turning  is  accomplished  subsonically  at  all 
deflector  settings;  also,  the  low  pressure  region  at  the  inside  of  the  turn  is  freely 
vented  to  ambient  air  to  allow  free  supersonic  jet  expansion. 

Additionally,  the  ADEN  is  capable  of  providing  inflight  thrust  vector  control  to 
obtain  STOL  performance  as  well  as  to  improve  aircraft  flight  maneuver  and  cruise 
capabilities  by  utilizing  a Variable  External  Expansion  Ramp  (VEER).  The  VEER 
upper  surface  is  designed  to  blend  with  the  airframe  contours,  and  the  inner  sur- 
face is  contoured  for  effective  jet  expansion  control.  Variation  of  the  VEER  angle 
will  deliver  an  upward  or  downward  vertical  thrust  component  as  desired. 

The  ADEN  utilized  on  the  model  tested  in  this  program  had  not  been  optimized 
when  the  model  design  was  frozen  and,  therefore,  internal  performance  levels 
higher  than  those  presented  herein  can  be  attained.  Internal  performance  values 
from  full-scale  static  test  results  confirm  this  (ref.  5). 

Asymmetric  Load  Balanced  Exhaust  Nozzle  - The  Asymmetric  Load  Balanced  Exhaust 
Nozzle  (ALBEN),  Fig.  6,  is  a CTOL  derivative  of  the  ADEN,  and  features  an  ellip- 
tical throat  and  expansion  surface  contours.  Throat  area  and  internal  area  ratio  are 
set  by  an  adjustable  lower  surface  boattail  flap.  The  rotating  lower  flap  is  actually 
part  of  a swiveling  pressure  vessel  with  a continuous  structure  that  proceeds  up 
the  sidewalls  and  through  a pressurized  cavity  in  the  fixed  geometry  upper 
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expansion  ramp  structure.  This  design  reduces  actuation  forces  and  maintains 
structurally  effective  hoop  stress  in  the  area  control  flap.  Vectoring  is  accom- 
plished by  rotating  a second  flap  forming  part  of  the  expansion  ramp.  This  flap  also 
has  partial  sidewalls  to  contain  the  flow.  The  partial  sidewall  continues  upstream 
as  fixed  structure  attached  to  the  fixed  upper  ramp  section  where  it  houses  the 
swiveling  duct  section. 

The  ALBEN  utilized  on  the  model  tested  in  this  program  had  not  been  optimized 
when  the  model  design  was  frozen;  therefore,  performance  levels  higher  than  those 
presented  herein  can  be  attained . Internal  performance  values  from  scale  model 
test  results  confirm  this  (ref  6). 

Circular  Exhaust  Nozzle  - An  axisymmetric  convergent -divergent  (C-D)  nozzle  was 
employed  in  this  test  as  a baseline  configuration.  This  circular  nozzle  is  a conven- 
tional axisymmetric  nozzle  which  simulates  a mid-1970  technology  C-D  design  with  a 
scheduled  area  ratio  control.  This  axisymmetric  nozzle  provides  a meaningful  perfor- 
mance yardstick  against  which  the  non-axisymmetric  nozzles  can  be  evaluated. 

The  unvectored  circular  nozzle  installation  is  compared  with  the  ADEN  and 
ALBEN  installation  in  Fig.  7.  This  illustration  shows  the  nacelle  force  balance 
metric  break  location  and  compares  the  amount  of  afterbody/nozzle  length  and  area 
required  to  close  out  the  afterbody  and  still  permit  thrust  vectoring,  if  desired, 
with  these  three  different  nozzle  types. 

TEST  CONFIGURATIONS 

Nine  different  nozzle  configurations  were  evaluated.  Figure  8 shows  that  the 
Circular  nozzle  and  the  ALBEN  were  tested  in  their  un vectored  subsonic  cruise 
modes  while  the  ADEN  was  tested  over  a range  of  throat  area  and  deflection  angle 
(geometric)  settings.  Figures  9,  10,  and  11  present  representative  sketches  of  the 
actual  nozzle  hardware  tested  for  the  Circular  nozzle,  ALBEN,  and  ADEN  configura- 
tions, respectively.  A comparison  of  the  ADEN  Cruise  and  ADEN  Combat  deflection 
angle  variations  is  shown  in  Fig.  12  and  13  respectively. 

Photographs  of  the  nozzle /airframe  installations  are  shown  in  Fig.  14,  15,  16, 
and  17.  The  non -afterburning  (Cruise)  unvectored  configurations  are  to  be  com- 
pa-ed  by  studying  Fig.  14,  15,  and  16;  while  the  extremes  in  ADEN  VEER  vector- 
ing capability  can  be  observed  from  Fig.  16  and  17. 


utilizing  the  nine  nozzle  variants  noted  above,  a total  of  13  nozzle /airframe 
configurations  were  tested.  They  are  listed  below  along  with  the  corresponding 
average  jet  (throat)  area  per  nozzle. 


CONFIGURATION 

JET  AREA 

1 - CIRCULAR  NOZZLE 

3.491  IN2,  22.523  CM2 

Z - ALSEN 

3.445  IN2.  22.226  cm2 

3 - ADEN  CR  0° 

3.319  IN2,  21 .413  cm2 

4 - ADEN  CR  0"  ALT. 

3.293  IN2,  21.245  cm2 

5 - ADEN  CR  5° 

3.249  IN2,  20.961  CM2 

6-ADENCR  10° 

3.256  IN2,  21.006  CM2 

7 - ADEN  DASH 

4.280  IN2,  27.613  CM2 

8 - ADEN  COM  0° 

5.726  IN2,  36.942  CM2 

9 - ADEN  COM  0°  ALT. 

5.7L2  IN2,  36.787  CM2 

10  - ADEN  COM  0°  + l/F 

SAME  AS  COM  0° 

11  - ADEN  COM  10° 

5.727  IN2,  36.948  CM2 

12  - ADEN  COM  20° 

5.698  IN2,  36.761  cm2. 

13  - ADEN  COM  20°  ALT. 

SAME  AS  COM  20° 

The  three  alternate  (ALT.)  nozzle  configurations  denote  different  nozzle 
hardware  pieces  dedicated  to  pressure  measurements  on  the  VEER.  Since  force  data 
was  obtained  simultaneously  during  these  "pressure  runs,"  it  provides  a measure  of 
repeatability  (including  both  facility  and  hardware  factors)  and  is  therefore 
included  herein. 

Additionally,  the  ADEN  COM  nozzle  was  retested  in  the  presence  of  an  ogive 
inlet  fairing  ill?)  as  shown  in  Fig.  18.  By  comparing  configurations  ten  and  eight, 
the  effect  of  two  extremes  in  inlet  fairing  type  on  nozzle  jet  -effect  increments  can 
be  studied. 
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All  configurations  were  tested  without  horizontal  taila  so  that  any  control 
effects  unique  to  this  airplane  concept  would  not  compromise  on  the  generalization 
of  these  test  data.  For  example,  a user  would  most  probably  apply  the  thrust 
vectoring  results  to  a canard-type  fighter:  therefore,  testing  without  horizontal 
tails  facilitates  an  analytical  canard -correction  to  these  test  data. 
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EXPERIMENTAL  PROCEDURES 


TEST  CONDITIONS 

The  six  non -afterburning  and  the  seven  afterburning  configurations  were 
tested  over  the  range  of  Mach  number,  angle-of-attack , and  nozzle  total  pressure 
ratio  shown  in  the  matrices  of  Fig.  19  and  20  respectively.  The  charts  have  been 
organized  so  that  the  user  can  readily  grasp  the  nozzle  configurations  that  were 
(and  were  not)  tested  at  a given  M/NPR/a  condition.  The  nozzle  pressure  ratio  and 
angle-of-attack  values  are  representative  of  nominal  target  conditions,  but 
nevertheless  are  useful  in  un**  irstanding  the  test  condition  matrix. 

The  test  plan  was  to  obtain  data  at  seven  Mach  numbers:  0.4,  0.6,  0.8,  0.9, 

0.95,  1.2,  1.4  (and/or  1.35).  The  heaviest  emphasis  was  placed  on  the  three  most 

representative  Mach  numbers:  0.6,  0.9,  1.4  (1.35).  Reynolds  number  was  held 
0 

constant  at  8.2  x 10  per  m.  NPR  ranges  are  appropriately  scheduled  with  Mach 
numbers  but  always  include  jet-off  and  simulated  flow-through  NPR  conditions  at 
each  Mach  number  for  diagnostic  purposes.  A sufficient  number  on  a -conditions 
were  selected  so  that  drag  polars  could  be  developed  with  emphasis  of  higher  lift 
coefficients  at  the  lower  Mach  numbers. 

The  test  condition  matrix  is  quite  complete  despite  configuration  omissions  of 
certain  test  conditions  that  were  intentionally  made  in  the  interest  of  economics. 
Omissions  generally  occurred  for  one  of  the  following  reasons: 

1 - ALT.  configurations  represent  repeats  of  force  data 

2 - Non -afterburning  and  vectoring  de-emphasized  at  supersonic  speeds 

3 - Data  interpolations  were  deemed  satisfactory 

4 - Reduced  interest  at  M=0.4  and  0.95 

5 - Test  conditions  not  representative  to  flight  conditions 

Grounding  between  metric  and  non-metric  portions  of  the  model  occurred  at 
certain  conditions  as  angle-of-attack  was  increased.  This  grounding  was  observed 


9 


as  a clear  "break**  in  axial  force  coefficient  increasing  with  angle ■*of*at tack.  No 
break  was  observed  in  the  normal  force  coefficient.  Thus,  both  the  lift  and  drag 
coefficients  are  affected  by  grounding  above  a certain  **limit  *a  **  as  a function  of 
Mach  number  as  noted  below : 

MACH  No.  LIMIT g (DEO) 


0.4 

9-1/2 

0.6 

8 

0.8 

7 

0.9 

6-1/2 

0.95 

6-1/2 

1.2 

-5 

1.4  (1.35) 

-5 

As  g is  increased  above  the  **limit  - a”,  the  effect  of  the  grounding  increases 
correspondingly . 

TEST  PROCEDURES  % DATA  REDUCTION 

The  test  data  were  obtained  by  first  selecting  the  desired  Mach  number  and 
Reynolds  number  (which  was  held  constant  at  2.5  x 10®  per  ft  for  the  entire  test. ) 
An  g 'Sweep,  beginning  and  returning  to  g =0  deg.  was  made  at  jet-off  conditions 
(designated  as  NPR=1 ).  High  pressure  air  was  then  turned  on  and  allowed  to  stabi- 
lize at  the  desired  NPR.  Angle-of-attack  was  then  varied  in  discrete  increments. 
After  the  g -sweep,  the  model  was  returned  to  0 deg  ( a repeat  point)  and  the  high 
pressure  air  was  adjusted  to  produce  another  NPR.  At  the  end  of  each  Mach 
number,  a final  jet -off  data  point  was  taken  as  a "second -repeat-diagnostic.** 

Prior  to  the  wind-on  test  phase,  several  pre-test  calibrations  were  conducted. 
Balance  calibrations  and  bellows  interactions  were  determined  for  both  nacelle  and 
complete  aircraft  force  balances.  By  employing  an  ASME  reference  nozzle,  the  model 
mass  flows  and  metric  to  njn  -netric  crossover  r amentum  tare  forces,  in  all 
directions,  were  assessed. 

In  concert  with  the  wind-on  test  phase,  static  (M=0)  runs  were  made  "back-to- 
back"  with  the  wind-on  runs.  Thus,  for  each  nozzle,  static  calibration  running  oc- 
curred during  the  same  "model-build"  as  that  employed  for  the  wind -on  tests.  For 
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each  individual  nozzle  variant  at  least  three  static  runs  were  conducted  so  that 
static  thrust  coefficients  could  be  determined  from  faired  curves  as  precisely  as 
possible. 

The  test  measuring  technique  employed  for  this  model  was  to  measure  thrust 
forces  at  static  conditions  and,  correspondingly,  thrust-minus-drag  forces  at  wind- 
on  conditions.  However,  the  basic  measurement  objective  of  this  test  was  to  obtain 
total  aircraft  dr^  and  lift  forces  which  include  the  installation  effects  of  the  thrust 
vector  but  not  the  magnitude  of  the  uninstalled  thrust  vector  itself.  In  other 
words,  the  uninstalled  static  thrust  component  vectors  are  removed  from  the  wind- 
on  component  vectors  in  order  to  obtain  "thrust-removed"  drag  (and  lift)  forces  as 
deecriptively  shown  below : 

l^sUtatic  " “ ^ext^l wind-on  * ^ext  * ^^s  " 

= Dcxt  ♦ AF 

Thus  the  drag  deduced  by  removing  the  static  thrust,  Fg,  from  the  wind -on  thrust- 
minus  drag,  (F  - Dext^>  equal  to  two  terms  — - the  external  drag  existing  on  all 
surfaces  wetted  by  tne  free  stream  flow  plus  a thrust  decrement  (or  increment ),AF, 
existing  on  surfaces  wetted  by  the  nozzle  internal  flow.  This  thrust  decrement  is  a 
result  of  the  external  flow  interactions  with  the  internal  flow,  which  alter  the 
pressure  distribution  on  the  nozzle  internal  surfaces  relative  to  static  conditions 
(at  the  same  nozzle  pressure  ratio).  Alternatively,  dF  can  be  considered  to  be  a 
nozzle  internal  drag  rather  than  a thrust  decrement.  So  the  thrust  removed  para- 
meter, commonly  referred  to  as  "drag,"  (D^xt  * dF),  is  really  the  sum  of  both 
external  and  internal  drags.  This  parameter  includes  all  installation  effects  due  to 
the  exhaust  system  and  is  the  key  parameter  of  interest  along  the  wind  axis.  The 
same  methodology  is  easily  applied  to  the  lift  direction  and  to  pitching  iooments. 

Because  this  model  employed  two  balances,  the  option  exists  to  use  the  static 
thrust  components  (axial  force,  normal  force,  pitching  moment)  from  either  of  these 
balance  systems  in  determining  the  thrust -removed  parameters.  The  technical  deci- 
sion was  made  to  use  the  static  thrust  components  derived  from  the  complete  air- 
craft balance  mainly  because  this  approach  makes  use  of  the  same  measurement 
instrument  for  both  static  and  wind-on  data.  Thus,  inaccuracy  in  thrust-removed 
lift  and  drag  due  to  a particular  bias  in  the  force  balance  system  would  tend  to  be 
minimized. 
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Also,  the  option  exists  to  use  either  ideal  thrust  or  tunnel  static  pressure  as 
the  basis  for  non-dimensionalizing  thrust  and  thrust-minus'drag  in  order  to  deter- 
mine the  thrust -removed  parameters . The  latter  methodology  was  employed  because 
it  '-i  essentially  independent  of  repeatability  errors  occurring  in  the  determination 
X i^'-ass  flow,  total  temperature,  and  total  pressure. 

In  summary,  all  the  thrust-removed  data  presented  herein  was  obtained 
exclusively  from  the  complete  aircraft  force  balance  and  was  determined  according 
to  the  following  descriptive  procedure  (e.g.  drag  at  0!=  0 deg): 


(^ext  AF) 


q A 


w 


■^noz 


(F  - Dext) 
Fo^noz 


Similarly,  lift  and  pitching  moment  coefficients  were  determined. 


PROPOSED  DATA  ADJUSTMENT 

A portion  of  the  data  presented  herein  has  been  corrected  for  an  axial  force 
shift  of  the  main  balance.  This  shift  was  observed  to  exhibit  a regular  behavior  and 
therefore  was  calibratible  by  making  several  static  runs  just  prior  to  the  wind-on 
runs  for  each  affected  configuration.  By  correlating  axial  force  coefficients  be- 
tween the  main  and  nacelle  balances,  a well-defined  correction  to  the  main  balance, 
as  a function  of  axial  load  level,  was  obtained. 

Experimental  substantiation  for  this  correction  exists  for  the  case  when  the 
main  balance  was  sensing  forces  in  the  thrust  direction  ( the  most  predominant 
case).  However,  experimental  data  that  would  substantiate  a correction  when  the 
main  balance  was  sensing  forces  in  the  drag  direction  could  not  practicably  be 
obtained.  Nevertheless,  understanding  the  mechanism  of  the  balance  shift  pheno- 
menon provides  a rationale  to  enable  the  determination  of  the  correction  for  this 
"drag  dominant"  case  — in  particular,  when  the  jet  is  off  (defined  as  NPR  = 1.0). 
Using  the  sketch  below  it  can  be  reasoned  that  when  a balance  shift  increases 
thrust,  it  should  correspondingly  decrease  drag  when  the  sense  of  the  applied  load 
is  reversed. 
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THRUST 

(LBS) 


DRAG 

(LBS) 


Both  thrust  and  drag  must  change  in  magnitude  in  opposite  directions  from  each 
other. 

Using  the  example  above,  the  correction  for  this  erroneous  shift  in  thrust  must 
be  an  appropriate  reduction  in  thrust.  This  was  properly  implemented  in  the  final 
data  reduction  program  for  all  the  "thrust  dominant"  cases.  Correspondingly,  the 
correction  for  the  shift  in  drag  should  be  an  appropriate  increase  in  drag.  Based  on 
extensive  post-test  data  correlations  and  trending  studies  of  the  entire  data  matrix, 
certain  anomalies  became  apparent  after  the  final  data  transmittal  from  the  facility 
was  received.  Ensuing  in-depth  trouble-shooting  led  to  the  observation  that  the 
main  balance  shift  correction  for  the  "drag  dominant"  case  was  not  properly 
implemented  during  the  data  reduction  process. 

Although  specific  experimenlal  substantiation  for  the  correction  to  be  applied 
to  the  jet-off  drag  data  of  the  "shift-affected"  nozzle  configurations  does  not  exist, 
the  authors  believe  that  the  above  rationale  should  have  been  implemented.  Accord- 
ingly, corrections  to  be  applied  to  the  "shift -affected"  portion  of  the  jet-off  drag 
data  contained  in  this  data  report  are  presented  in  Appendix  O.  It  is  recommended 
that  the  user  utilize  this  additional  information  to  increase  the  drag  coefficient  by 
the  amounts  shown  in  Appendix  O. 
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PRESENTATION  OF  RESULTS 


The  results  have  been  organized  to  enhance  their  utility  to  the  reader.  First, 
all  the  static  results  are  located  in  Appendix  A.  For  each  of  11  distinct  nozzle 
hardware  pieces  the  following  static  parameters  are  provided : 

• Axial  Force  Coefficient;  CAFT2  = Main  Balance  Axial  Force  • Ideal  Thrust 

• Normal  Force  Coefficient ; CNFT2  = Main  Balance  Normal  Force  ^ Ideal  Thrust 

• Pitching  Moment  Coefficient ; CMMT2  - Main  Balance  Pitching  Moment  i ( Ideal 
Thrust  X c) 

• Static  Vector  Angle;  DELTA  = tan“l  (-CNFT2  i CAFT2) 

The  force  and  moment  coefficients  have  been  non-dimensionalized  on  an  ideal  thrust 
basis  for  this  presentation  because  of  wide  familiarity  throughout  the  technical  com- 
munity. For  axial  and  normal  components,  lines  of  predicted  performance  levels 
(based  on  previous  test  data)  are  added  for  comparison. 

Second,  Appendices  B through  N present  the  wind-on  data  for  all  13  nozzle/ 
airframe  configurations.  One  appendix  hac  been  assigned  to  each  configuration  for 
organizational  purposes.  For  most  configuration /Mach  groupings,  when  the  test 
condition  matrix  included  at  least  four  NPRs  and  four  as  (for  which  there  was  no 
grounding),  the  following  standard  sequence  of  graphs  is  presented. 

1.  T/R  lift  coeff.  vs.  a ;(CLTRPM  vs.  «) 

2.  T/R  lift  coeff.  vs.  NPR;  (CLTRPM  vs.  NPR) 

3.  T/R  drag  coeff.  vs.  NPR;  (CDTRPM  vs.  NPR) 

4.  T/R  pitching  moment  vs.  lift  coefficient;  (CMMTRP  vs.  CLTRPM) 

5.  T/R  drag  polar;  (CLTRPM  vs.  CDTRPM) 

6.  Powered  drag  polar;  (CLl  vs  CDl) 


rUGE  «.M«  Nrrr 
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where : 


• CLl  = Resultant  Main  Balance  Force  in  Lift  Direction  i qA^ 

• CDl  = Resultant  Main  Balance  Force  in  Drag  Direction  i qA^ 

• CLTRPM  = (CLl)  - (Static  Thrust  Component  in  Lift  Direction  t qA^^) 

• CDTRPM  = (CDl)  - (Static  Thrust  Component  in  Drag  Direction  t qA^) 

a CMMTRP  = (Main  Balance  Pitching  Moment  i qA^^  c)  - (Static  Pitching 
Moment  t qA^^  c) 

Note  tha . the  thrust-removed  coefficients  are  obtained  by  conducting  the  above 
subtractions  at  any  given  wind -on  NPR  and  q. 

The  above  combination  of  six  standard  graphs  is  considered  to  be  the  most 
useful  to  the  user,  and  also  represents  the  minimum  number  of  parameters  necessary 
to  provide  complete  test  results  without  duplication.  From  the  above,  the  user,  if 
desirous,  can  construct  crossplots.  For  example,  drag  vs.  a can  be  obtained  from 
1.  and  5.  Also,  pitching  moment  vs.  NPR  can  be  obtained  from  2.  and  4. 

In  situations  where  the  test  condition  matrix  was  truncated  (less  than  four 
NPRs  and  ots),  such  as  at  M = 0.95  and  supersonic  non -afterburning  conditions  espe- 
cially, the  above  format  of  presentation  was  modified  appropriately  so  that  all  the 
data  could  be  presented  in  the  most  logical  and  complete  format  with  the  minimum 
number  of  graphs. 

For  both  static  and  wind -on  testing  the  same  sign  convention  was  employed. 
Forces  in  tha  lift  and  draig  directions  are  positive.  Thus  a negative  drag  (or  axial 
force)  represents  thrust.  Nose  up  pitching  moment  is  defined  as  positive  and  refer- 
enced to  the  airplane  center  of  gravity.  Thrust  vector  angle  is  measured  relative  to 
W.L.  19.312  (as  noted  in  the  model  nozzle  schematics)  which  is  parallel  to  the 
balance  axis.  A positive  angle  corresponds  to  positive  normal  force. 
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CONCLUDING  REMARKS 

The  intent  of  this  data  report  was  to  make  available  all  the  necessary  informa- 
tion pertaining  to  the  subject  wind  tunnel  investigation  to  the  technical  community 
at  the  earliest  possible  date.  All  the  aeropropulsion  data  from  the  complete  test 
configuration  and  test  condition  matrices  are  presented  in  the  most  useful  and  con- 
cise format.  Sufficient  background  information  regarding  the  experimental  appara- 
tus and  experimental  procedures  are  provided  to  facilitate  proper  interpretation  of 
the  test  data  by  the  aeropropulsion  engineer.  These  data,  presented  herein,  have 
contributed  significantly  to  the  aeropropulsion  V/STOL  data  base. 
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Figure  5.  Au^'rnented  Deflector  Exhaust 
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